Atmospheric Infrared Sounder/Advance Microwave Souding Unit
(AIRS/AMSU)

Air Temperature Description

1. Intent of This Document

1a) This document is intended for users who wish to compare satellite derived observations
with climate model outputs in the context of the CMIP5/IPCC historical experiments. Users
are not expected to be experts in satellite derived Earth system observational data. This
document summarizes essential information needed for comparing this dataset to climate
model outputs. References are provided at the end of this document to additional
information for the expert user.

This NASA dataset is provided as part of an experimental activity to increase the usability of
NASA satellite observational data for the model and model analysis communities. This is not
a standard NASA satellite instrument product. It may have been reprocessed, reformatted,
or created solely for comparisons with the CMIP5 model. Community feedback to improve
and validate the dataset for modeling usage is appreciated. Email comments to HQ-
CLIMATE-OBS@mail.nasa.gov .

Dataset File Name (as it appears on the ESG):
ta AIRS_L3_RetStd-v5_200209-201105.nc
taStderr_AIRS_L3_RetStd-v5_200209-201105.nc
taNobs_AIRS_L3_RetStd-v5_200209-201105.nc
1b) Technical point of contact for this dataset:

Baijun Tian, Baijun.Tian@jpl.nasa.gov

2. Data Field Description

CF variable name, | ta, K.
units:

Spatial resolution: | The vertical resolution is detmed by the CMIP5 mandatory levels.
The longitude and latitude resolution is 1 degngé kdegree.

Temporal This data product is a regularly gridded, monthigraged air
resolution and temperature measured by AIRS between Septemberd&@DRiay
extent: 2011.

Coverage: Global.

Note: The vertical pressure levels (plev) includg¢hee CMIP5 mandatory levels from 1000 hPa
to 10 hPa. However, we only provide the valid dgtato 300 hPa and assign a missing value
(1.e20) for levels above 300 hPa because AIRS memasmts are not as reliable for levels above
300 hPa as other instruments such as Microwave L$abnder (MLS), which is specially

designed for the accurate measurements of the ptrans profiles in the upper troposphere and



lower stratosphere. The MLS measurements for lealabsve 300 hPa are provided as a separate
dataset. It is therefore highly recommended foser o combine the AIRS and MLS datasets to
create a complete temperature profile from 1000tbRA® hPa.

3. Data Origin

The data used to make this product was obtained fhe Goddard Earth Science (GES) DISC
data access [1].

The AIRS/AMSU instrument suite is carried on the 3#¥Aqua spacecraft, in a sun-synchronous
orbit at 1:30 local time. The southward/northwandving observations are obtained during
daytime/nighttime. (See Section 6 below for an @y of the AIRS/AMSU instrument suite.)
The AIRS/AMSU air temperature is derived from iméd and microwave radiances measured
from space, so is not ansitu measurement. The infrared emission radiationstednlity different
Earth scenes are remotely sensed by a spectroraetethe microwave observations are obtained
by a radiometer [2]. First, measurements are toaimsfd into calibrated radiances for all footprints
and all channels [3]. Then, physical quantitiehsas the air temperature are derived (‘retrieved’)
from these geolocated radiance products [4]. Ttreeved physical quantities are then averaged
over a month [5]. The data we obtained from the GESC [1] was at this last processing level.
We then applied an additional processing step &piathe data according to the CMIP5 model
output format.

This data product is the monthly average of the M SU retrieved temperature profiles in the
regularly gridded 1 degree by 1 degree latitude &mdhitude boxes. The AIRS/AMSU
temperature profile is originally in 24 pressunedls that are the superset of the CMIP5 mandatory
levels. The temperature values at only the CMIRBI&are included in this data product.

The values described here are means of the dagmdenighttime values, provided there are
enough observations in each category to make tlnewvatatistically significant. The minimum is
20 observations each, except for latitudes beydn@®6 degrees, where we relax the limits to
compensate for a much lower number of observati®mee clouds have a significant effect on
observed infrared radiances (see section 5.1 betbe/yetrieval process includes steps to retrieve
the temperature from radiance in the presence aidsl. The horizontal resolution of each
AIRS/AMSU scene is 45 km, and the instrument samipl@ swath are 30 scenes wide (see Figure
3 below), yielding 324,000 scenes per day. Howeheratmospheric temperature can be inferred
in about 70% of these scenes, with the remaindectald by thick clouds or precipitation.

4. Validation

AIRS retrievals have been validated against a taé in situ data (radiosondes, ship-based
measurements), other remote measurements, fromsztedlites, and model-generated data. The
table below summarizes these findings and can lnedfa reference [6].



Geophysical Conditions Uncertainty
Studied Estimate

1K

Non-polar ocean,
surface to lower

stratosphere
1K

Non-polar land, 1-2 km
to lower stratosphere

1-2K
Non-polar land, surface
to 1-2 km

1-2K
Polar

Table 1: uncertainty estimate for different conditions.

The uncertainty estimates are calculated basetenditference between AIRS retrievals and
radiosonde observations and are valid in the tnoipee, between the boundary layer and 300
hPa.

5. Consideration for Model-Observation Comparisons

Because this data product is observational datagthre several aspects that distinguish this
product from model outputs. The user of this datadpct should be aware of them in order to
make judicious model-observation comparisons.

5.1 Clouds influence

AIRS/AMSU coverage is limited by the presence ofiaglly thick clouds because AIRS is an
infrared instrumentThe combination of infrared and microwave radianaksws retrieval of
high-resolution temperature profiles for infrarddud fraction (the product of emissivity and
coverage) up to about 70PR]. While AMSU retrievals based purely on microwawservations
are currently available, they are not included witle AIRS/AMSU retrievals because of
significantly lower vertical resolution. This linaion of the infrared measurement makes the
AIRS/AMSU observation scene dependent and in teayses a spatially inhomogeneous
sampling as illustrated drfigure 1. The AIRS sampling is low (~40) in cloudy regiossch as
the Intertropical Convergence Zone (ITCZ) (e.ge #guatorial western Pacific warm pool) and
the midlatitude storm tracks (e.g., north Pactfigrith Atlantic and 60°S latitude belt). The AIRS
sampling is high (~150) in clear regions, such astrepics and midltitude land regions. See
referencd8] for more on the implication of cloud-induced sam@in AIRS/AMSU observations.
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Figure 1: Temperature sampling at 500 hPa for the month of January 2009.

There is a spurious trend in AIRS temperatureeedils, giving an apparent cooling of the lower
troposphere of ~100 mK/year. This is suspected tmecdrom incorrect handling of rising
atmospheric C®levels [9], and should be reduced in the nexiasdeof AIRS data.

5.3 Asynoptic Time Sampling

Because Aqua satellite is in a sun-synchronous pokat, AIRS samples the atmosphere at two
fixed local solar times (e.g. 1:30 AM and 1:30 PMtl&e equator) and cannot fully resolve the
diurnal cycle. In contrast, typical model monthiyeeaged outputs contain the averaged values
over a time series of data within a fixed time & (e.g. every 6 hours). For temperature over
ocean and in the upper atmosphere with a smalhdiwycle, this difference is not likely a
problem. However, for temperature in the boundaygt or over land regions strongly influenced
by the diurnal cycle, this time sampling limitatishould be considered.

5.4 Inhomogeneous Sampling

Because the monthly averaged value in this AIR& gabduct is an average over observational
data available in a given grid cell (d&igure 1), the number of samples used for averaging varies
with the geo-location of the cell. Because of thewergence of longitude lines near the poles, the
time range of data collection broadens as one mibepsthe equator toward either pole, with the
ranges in the polar regions including all timeda&y and night [10]50, there are more observations
in the regions near the poles (<106 ~85) than the rest of the area.



5.5 Missing data

AIRS went into a safe mode at the end of Octob&320 avoid possible damage from a large
solar flare. It did not resume data flow until fNdvember 2003. Our preparation of this product
for CMIP5 added a requirement of a minimum numbextservations for each grid square from
each of ascending and descending orbits. With loalfyof a month data, many grids cells do not
meet these criteria for November 2003. The onlgificant outage since December 2003 was the
safe mode event from Januafy ® the 26, 2010. So the January 2010 product has about half
the data of a full month. However, there shouldhbéias introduced in comparing the data from
January 2010 to January of other years.

Furthermore, we excluded the AIRS data within 1P@ habove the land surface. As a result,
most AIRS data are missing over land for 1000 hithQ25 hPa levels.

6. Instrument Overview

Launched into Earth-orbit on
May 4, 2002, Aqua is part of
NASA's "A-train" satellite

constellation (see Figure 2), a
series of high-inclination,

Sun-synchronous satellites in
low Earth orbit designed to
make long-term  global

observations of the land
surface, biosphere, solid

. Earth, atmosphere, and
m o % oceans. The Atmospheric

Figure 2: NASA's A-train group of Earth observing satellites. Infrared Sounder (AIRS) and

its partner  microwave
instrument, Advanced Microwave Sounding Unit (AMSWhare the Aqua satellite with the
Moderate Resolution Imaging Spectroradiometer (M®DIClouds and the Earth's Radiant
Energy System (CERES), and the Advanced Microwaan®ng Radiometer-EOS (AMSR-E).
AIRS/AMSU observe the global water and energy cgjodimate variation and trends, and the
response of the climate system to increased greselgases. The term "sounder” in the
instrument's name refers to the fact that tempexatnd water vapor are measured as functions
of height.
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Figure 3: AIRS scanning and coverage geometry.

AIRS coverage is pole-to-pole and covers the gtaloetimes a day. Because the swaths (scanning
sweeps) do not overlap at low latitudes, some pairtar the equator are missed. However, these
points are eventually scanned within 2-3 days. &gicted on Figure 3, AIRS scans laterally with
respect to its direction of flight. With the scamgiangle being 49.5 degree about nadir, the swath
width is 1650 km. One orbit period is 98.8 minutEs|.
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8. Revision History
Rev 0 -6 Sep 2011 This is a new document.
Rev 1 -6 Aug 2015 Preferred reference for thisskttadded to Sec 7.



